V olatile organic compounds (VOCs) are pollutants commonly found in trace concentrations in indoor and outdoor air as well as in industrial workplaces. This group of compounds has been considered responsible for the "sick building syndrome," and some of these compounds have been identified as potent carcinogens or mutagens (1, 2).
V olatile organic compounds (VOCs) are pollutants commonly found in trace concentrations in indoor and outdoor air as well as in industrial workplaces. This group of compounds has been considered responsible for the "sick building syndrome," and some of these compounds have been identified as potent carcinogens or mutagens (1, 2) .
The most widely used method for sampling VOCs in air is preconcentration on an adsorptive material. Many materials have been evaluated for this purpose: charcoal, silica gel, alumina, zeolite molecular sieves, carbon molecular sieves, graphitized carbon black, porous styrene-divinylbenzene copolymers, and Tenax (3, 4) .
Tenax, especially Tenax TA, is a well-documented, certified material for concentrating compounds of medium and low volatility; however, its adsorption capacity for small and highly polar molecules is far from ideal (5, 6) . Research for a better sorbent has been ongoing, and many potentially useful alternatives to Tenax have been evaluated with volatile, very volatile, and polar organic compounds (5) . New materials that have become available recently have proved superior and deserve to be examined in detail. Most probably, future concentration cartridges will incorporate both Tenax TA and new materials in sequence, in order to combine the positive characteristics of both (5, 7) . Hypercrosslinked polystyrene-type adsorbing materials have been manufactured only recently (8) . They were first successfully examined for general adsorbing properties (9) and applicability to large-scale adsorption technologies (10) (11) (12) (13) (14) (15) (16) , and then, with equal success, as solid-phase adsorbents for aqueous media (17, 18) .
Results from examination of hypercrosslinked polystyrene materials by gas chromatography (GC) (19) indicated that these materials could be used to concentrate organic trace compounds from air. Although many types of porous styrene-divinylbenzene copolymers had been evaluated for this purpose, hypercrosslinked polystyrene had not yet been tested in this capacity.
The adsorbent material evaluated in this study was a laboratory prototype for the now commercially available polymeric adsorbent Hypersol-Macronet, MN-200 (Purolte Inc.). The adsorbent was selected because of its large inner surface area of 1000 m 2 /g. It consists of biporous beads that are >200 µm (micropores of 1.0-1.5 nm plus transport macropores of about 100 nm). The specific weight of the adsorbent is about 0.6 g/cm 3 . Tenax GR (matrix of Tenax with 23% graphite) was chosen as a reference adsorbent because it has already been reported as an excellent adsorptive material (5, 20) .
In order to evaluate the suitability of a sorbent for sampling VOCs in air, the following parameters should be determined: breakthrough volume (BTV, sorbent capacity), percentage recovery, storage stability, and background levels (4, 5) . BTV, which is the most important parameter, can be determined by direct and indirect methods (3, 5) . The direct methods usually include passage of a constant concentration of the analyte through the sorbent trap and analysis of the effluents (frontal analysis). The indirect method treats the sorbent bed as a chromatographic column (elution analysis) and applies chromatographic theory. According to the indirect method, BTV is half of the chromatographically determined specific retention volume at room temperature, 20°C (3, 5, 21) .
In this study, MN-200 was systematically evaluated for the sampling of 8 VOCs (pentane, octane, undecane, isooctane, cyclohexane, toluene, dichloromethane, and methanol), which include very volatile, less volatile, and polar organic compounds, as well as straight-chain and bulky molecules. BTVs were determined by the indirect method, whereas percentage recoveries were determined by solvent extraction and thermal desorption. The results obtained were compared with those for Tenax GR obtained in our laboratory and with others reported in the published literature (5, 20) .
Experimental

Chemicals
Analytical-reagent grade pentane, octane, undecane, isooctane, cyclohexane, toluene, methanol, and dichloromethane (Polyscience Corp., Niles, IL). Heptane was used as an internal standard and acetone, as the solvent (E. Merck, Darmstadt, Germany). (d) Laboratory-made apparatus.-Used for preparing tubes spiked with known amounts of the selected compounds and for cleaning the adsorbent before use. The operation and main parts of the apparatus were described in a previous paper (7) .
Apparatus
Preparation of Adsorption Tubes
Glass tubes, 9 × 0.4 cm id (Supelco, Bellefonte, PA) conditioned at 100°C for Ն2 days were filled with 300 mg dry MN-200.
Stainless steel tubes 14.5 × 0.4 cm id (Tekmar Co.) conditioned as above were packed with 500 mg dry MN-200.
Silanized glass wool was used to plug both ends of the tubes. The packed tubes were heated at 210°C under an inert gas flow (nitrogen at 35 mL/min) for Ն5 h to clean the adsorbent before use. Packed adsorption tubes cleaned as described served as blanks.
Preparation of Gas Standards
A static gas standard was prepared for every tested compound and for the mixture of the tested compounds. These standards were prepared by injecting a known volume (15-50 µL, depending on the density of the pure compound) of each compound into a 1.0 L glass flask and allowing mixtures to equilibrate (5).
Determination of BTV
A stainless steel tube packed with 900 mg dry MN-200 was connected to the injector and detector of the chromatographic system (Figure 1 ). The flow rate of the carrier gas (He) was set to 25 mL/min. A small volume of each gas standard (50 µL, ca 1 µg) was injected into the column, and the effluent peak was monitored. Retention volumes were determined (isothermally) at a series of 5 elevated temperatures ranging from 50°to 210°C (so that compounds eluted in reasonable times) (5). Log (V g ) was plotted against the reciprocal absolute temperature (V g is the specific retention volume) ( Figure 2 ).
Extrapolation to room temperature (20°C) and division by 2 gives the minimum BTV for the tested compounds (3, 5) . BTV of a selected compound can be considered acceptable if the value is >1 L/g sorbent. If BTV is expressed per gram of 
Determination of Average Percentage Recoveries
(a) Solvent extraction method.-Clean glass tubes packed with 300 mg dry MN-200 or Tenax GR were fitted into the exit of the laboratory-made apparatus (Figure 1) . The nitrogen flow rate was 100 mL/min, and the temperature was set to 35°-60°C, depending on the boiling point of each tested compound. A known amount of each compound equivalent to 1 L or 0.1 L of a vapor at the same concentration as the exposure limit value (LV) was injected. After 0.5 L nitrogen was passed through the adsorption tubes, the spiked tubes were disconnected, and the spiked material was removed from the tubes and carefully agitated with 2 mL acetone for 10 min and analyzed by GC (column DB 5) (5). The GC operating conditions were injector temperature, 250°C; detector temperature, 250°C; initial temperature, 40°C for 2 min, and then increased at 4°C/min to 210°C; flow rate of carrier gas, 1.2 mL/min. Three replicate determinations were performed for each loading.
(b) Thermal desorption method.-Stainless steel tubes packed with 500 mg dry MN-200 were spiked in duplicate as described above, but the amount of the tested compounds injected was ca 1 µg (gas standard of mixture). The spiked tubes, after disconnection, were thermally desorbed at 210°C for 10 min and analyzed by GC (5) .
Desorption recovery values should be >95% by the thermal desorption method and 75% by the solvent extraction method.
Storage Stability Studies
Replicates of 6 spiked tubes, packed with 300 mg dry MN-200, with a spike loading of ca 1 µg for 2 of the 8 tested compounds (octane and toluene) were closed with Teflon caps and stored at room temperature (20°-25°C) for 15 days. The loaded tubes were then extracted with acetone, and the extracts were analyzed by GC (5).
Storage stability values for MN-200 should be >90% for 15 days at room temperature (20°-25°C).
Background Levels Studies
Although the analyses of 3 clean unspiked tubes were performed at maximum sensitivity no peaks from the chromatographic system were detected by the program used for peak detection (5) . It is desirable that background levels should be as small as possible. When the wide range of the amounts (0.1-1 µg) of the compounds studied is considered, the standard deviation values (0.3-1.9%) show that the percentage recoveries are quite constant. Table 2 shows the percentage recovery results obtained by thermal desorption of the 8 selected VOCs from MN-200. The recoveries ranged from 98.2% (isooctane) to 100% (toluene).
Results and Discussion
Desorption Recovery Results
Both methods, acetone extraction and thermal desorption, can be used for the desorption of the majority of the selected VOCs (7 of 8 with acetone extraction and 8 of 8 with thermal desorption) from MN-200. The desorption recovery values reported in literature for Tenax GR (nearly 100%) are in accordance with those in Table 2 for organic compounds of the same groups (5). Table 3 On the other hand, toluene has an acceptable BTV value on MN-200, but according to Ventura et al. (20) , Tenax GR shows a higher BTV value (222.6 L/g sorbent). Both of these values can be considered acceptable.
BTV Results
The successful preconcentration of all the selected compounds can also be explained from the special kind of sorption on MN-200. Sorption on a hypercrosslinked polystyrene is a combination of "trapping" on the surface of the sorbent and absorption of the molecules on the bulk sorbent bed, resulting from swelling of the polymer phase and relaxation of the inner tensions of its network (12, 13) . Table 4 shows the storage stability results on MN-200 for 2 of the 8 selected compounds, octane and toluene. Both values are above the acceptable criterion (<10% loss) (4). Com- Cyclohexane 188 a n = 3. Table 5 gives the calculated enthalpy of adsorption value for each tested compound, calculated from the slope of equation 1 and the calculated desorption temperatures for the 8 selected compounds with extrapolation of equation 1 to log (Vg)→0 (high temperature). The values reported in Table 5 are lower than some values reported in the literature (5) for Tenax GR. ⌬H values for Tenax GR are 60-70 kJ/mol for a broad range of organic compounds (5) . The low values lead to the conclusion that the desorption temperatures for MN-200 are lower than those for other adsorbents. In addition to its high sorption capacity, MN-200 has the advantage of being easily cleaned and regenerated and allowing desorption of the adsorbed compounds at lower temperatures.
Storage Stability Results
Enthalpy of Adsorption and Desorption Temperature
Conclusions
The new adsorbent material Hypersol-Macronet, MN-200, showed a high sampling capacity for all tested compounds (volatile, very volatile, and polar organic compounds) and can be used for the efficient sampling of VOCs commonly found in indoor and outdoor air. Desorption of the sorbed compounds on MN-200 can be performed with both thermal desorption and acetone extraction methods. MN-200 also has the advantage of low desorption temperatures (easy cleaning, regeneration, and desorption).
In accordance with the above results, MN-200 can be considered a potent alternative to Tenax and requires further evaluation with other groups of organic compounds found in indoor and outdoor air. 
